The collaborative aspect of digital humanities is one of the core values of the field.
Introduction
The collaborative aspect of digital humanities is one of the core values of the field. Collaborative approaches can draw on the strengths and expertise of various specialists, thus bringing out the full potential of a research program and producing larger and longer-lasting impacts. Specialists and organizations involved in digital humanities partnerships may include individual scholars focusing on a particular area, multiple scholars across disciplines, computer scientists, and digital humanities centers. Many information science scholars and librarians have noted that libraries have an important role to play in digital humanities. Their arguments are usually taken from a theoretical or case study approach; the literature review will summarize several of these arguments. Nevertheless, the question remains, could libraries serve as one of the core contributors to the development of digital humanities? This article will try to answer that question through an authorship study of five international journals. New insights into the structural advantages of libraries will provide additional evidence encouraging librarians worldwide to embrace this new calling.
Literature Review
A substantial amount of literature emphasizes the importance of libraries in digital humanities and shares insights into how to further strengthen this interdisciplinary collaboration. Since previous studies have already cited and reviewed many older publications, the current literature review will 1 focus on more recent publications to avoid duplication and to capture the latest ideas and but an unprepared collaborative approach may do more harm than good to the potential partnership.
For example, if the differences of perspective between digital humanities researchers and digital librarians remain unacknowledged and unmanaged, a team's trust, morale, and effectiveness can be diminished. 3 Other challenges include faculty's hesitancy to share their research discoveries and misguided reasons for collaboration, such as, an assumption that collaborative digital humanities programs can produce economic benefit, obtain political gains, or attract non-specialist users. As a scholar, Edmond emphasizes that successful digital humanities collaboration requires "the interweaving of very different intellectual positions and working cultures." These positions and cultures cover not only humanists and computer scientists but also "a branch of information management or library science," with a goal to "broaden and deepen areas of knowledge, and to connect them more efficiently and effectively into the wider ecosystem."
Although many publications have explained the importance of libraries in digital humanities,
little quantitative analysis of library involvement has been done through authorship studies. The author found two past authorship studies in digital humanities, but they focused more on overall collaborative patterns rather than on the particular involvement of libraries. LLC provides no detailed author biographies at all. Most author backgrounds were researched through the Internet. Because it was difficult to retrieve accurate backgrounds for the earlier period, the current study analyzed this journal starting from 2011 even though it was first published in 1986. This study assessed 740 original articles over a nine-year period from 2007 to 2015. The number of unique authors among these five journals was 1,148, with a total of 1,467 authors including duplicates.
Methodology
The first step was to visit the website of each selected journal and copy all necessary information into a separate spreadsheet for each journal. Information such as publication years, volume numbers, issue numbers, author names, job titles of authors, institutional or organizational affiliations, and article types if available (for example, articles, reviews, conversations, and the like) were recorded.
iii "Journal If an article had multiple authors, the information for all coauthors was recorded. On occasions where an author's biography was missing or an author's latest job title could not be clearly identified, the investigator tried to find and confirm the missing or ambiguous information from the websites of the author's affiliated organizations or from his or her LinkedIn account. The current study also located the country information of all affiliated organizations, so that geographic distribution of relevant organizations could be generated.
At the same time, the author developed a list of 13 types of professions, covering all major professions engaged in digital humanities initiatives. Table 2 provides a full list with descriptions.
Each author was matched with from one to three professions, based on his or her latest career information. The five spreadsheets were then consolidated into two lists, one with duplicated author names and one with duplicate names removed. It is possible for different authors to have the same name, so the matching process took their complete biographies into consideration. In a few cases where the same author changed his or her profession over time, only the most recent description was used in the analysis. 
Type of Profession Description
Students Covers all student authors, who may be hired as project assistants or engage in a research.
Student assistants are not grouped by their employers (e.g., library, digital humanities center, etc.), because their work mode can be very unstable, and they may take up several paid or unpaid jobs at the same time 
Scholars -Digital Humanities
Covers all ranks of university teachers and independent scholars in digital humanities, humanities computing, or related fields, except those hired by Digital Humanities Centers Examples: Professor, Lecturer, Independent scholar
Scholars -Computer Science
Covers all ranks of university teachers and independent scholars in computer science or related fields Examples: Professor, Lecturer, Independent scholar
Scholars -Information Science
Covers all ranks of university teachers and independent scholars in information science or related fields 
Results

Coauthorship Trends
David Laband and Robert Tollison recommended that two components be observed when analyzing coauthorship trends: (1) the incidence of coauthorship, named "collaboration rate" in this study-that is, the percentage of articles with multiple authors; and (2) the extent of coauthorship, named "collaboration extent" here-that is, the average number of authors per coauthored article. The collaboration extent in digital humanities ranges from 2 (47.13 percent of all coauthored articles) to 15 (0.3 percent). The average collaboration extent for nine years is 3.2. Figure 2 compares the changes in the collaboration extent in digital humanities and information systems. 12 Interestingly, the collaboration rate and collaboration extent in digital humanities do not display steady growth as in some other disciplines. 13 This lack of steady growth may result from the comparative youth of digital humanities journals, causing them experience many uncertainties. table among seven fields by collecting data from other literature. 14 The current study added new data and re-created the comparison in Table 3 . Although the number of assessed articles and the study period differ among various studies, this comparison can serve as a useful reference. From Table 3 , the average collaboration rate in digital humanities (44.73 percent) ranks third among the seven fields where the corresponding data can be found. Its average collaboration extent (3.2) ranks second among the eight fields with corresponding data. Figure 4 displays the distribution of the predefined profession types listed in Table 2 Students (14 percent) and researchers (13 percent) rank second and third in the distribution of professions. As a convenient and affordable source of research assistance, most student authors appear to be employees of individual projects or faculty, digital humanities centers, or libraries.
Types of Contributors
These students are usually coauthors. A smaller group of students are sole authors who write research articles or project reviews. Across all five journals, 68 percent of student authors are doctoral students, 6 percent are master's students, 4 percent are undergraduates, and 21 percent did not specify their level of study. Research staff have a similar description, but usually with more research experience and a more consistent work schedule. They contribute widely to the articles and the corresponding projects. The 13 percent calculated in this study covers only independent researchers or those hired by individual projects or faculty. Researchers employed by archival centers, digital humanities centers, IT departments, or libraries are grouped under their employers.
The most interesting part of the current study is the comparison of the involvement of digital humanities specialists, IT specialists, and information science specialists, as illustrated in Figure 5 .
Although these professionals give different impressions to others based on their individual level of activity (they may be seen as "advocators," "collaborators," or simply "support resources"), they provide important support for digital humanities development and share some common roles.
Authors working in archival centers or museums are not included in this comparison, because these organizations tend to focus on providing primary materials for digitization and offering subject knowledge of the materials. The black bars in Figure 5 indicate the functional units of digital humanities centers, IT 
Discussion
The Collaborative Element of Digital Humanities
The notion that collaboration is often associated with digital humanities is strongly reflected in this study. Nearly 45 percent (44.73 percent) of digital humanities articles are written by multiple authors (average collaboration rate), ranking third among seven fields following biomedical research (79 percent) and information systems (81 percent, see Table 3 ). This figure is much higher than that of LIS (19 percent), and higher than those of theoretical disciplines such as sociology (33 percent), mathematics (34 percent), and economics (38 percent).
An average of 3.2 authors per coauthored articles (average collaboration extent) is found in digital humanities, ranking second among eight fields. According to M. E. J. Newman, collaboration extent may reflect how research is done in a field. Purely theoretical papers tend to have fewer coauthors, and experimental or partly experimental papers tend to have more. 15 It is understandable that biomedical research ranks highest (3.75) because many laboratory projects require large groups of scientists. That digital humanities ranks second may prove its experimental aspect, as Spiro theorizes. 16 Having considered both collaboration rate and collaboration extent, it seems reasonable to infer that digital humanities can provide more coauthorship and collaborative opportunities for librarians and scholars in theoretical areas (including arts, business, humanities, information science, and social sciences). This inference is backed up by Spiro, who suggests that "collaborative authorship is more common in digital humanities" than in "traditional humanities." 17 Another interesting finding is that among all coauthored articles, 26.28 percent involve cross-country collaboration. One article was written by nine coauthors from eight countries:
Australia, Canada, Denmark, Germany, Greece, Ireland, the Netherlands, and Serbia. Libraries and 14 individual librarians should explore and consider global opportunities for collaboration in digital humanities and beyond.
The Global Development of Digital Humanities
The wide spectrum of geographic distribution demonstrates that digital humanities is a global movement. North America (predominantly the United States) and Europe have led the efforts, but
Asia and Oceania are catching up, especially Taiwan (which ranks number five), Japan (number seven), and Australia (number eight).
However, it may not be easy to popularize digital humanities among Asian, African, and South
American academics. The most obvious reasons include weak IT infrastructure, deficient electric power, and government control of the Internet in the developing countries of these continents. Even though Asia has several wealthy and well-developed countries and cities, including Japan, South Korea, Singapore, Taiwan, and Hong Kong, it also has many developing countries. The difficulties in analyzing and handling the diverse languages and characters used in these continents also form a major barrier. Take Asia as an example. According to a 2014 study, people in Asia speak 2,200 different languages, although many of them are minority or endangered languages; Europe has a mere 260. 18 Even though the Chinese, Japanese, and Korean languages are commonly used in the region, today's computer technology still cannot index, sort, and extract these characters at a satisfactory level. Extra efforts to solve specific technical problems faced by these continents are necessary for the overall global development of digital humanities.
The Role of IT Departments
It is difficult to explain the involvement of IT departments in digital humanities simply by looking at the data of the current study. IT departments are usually indirectly involved in academic digital humanities initiatives through maintenance of the university's technological infrastructure. They may also participate in the overall institutional planning of the efforts, without directly engaging in the publishing process. Nevertheless, a few IT departments do provide direct project support. proposal, support for making audio/video presentations, [and] help to scope and design web applications and websites for research projects." 19 Tracing the degree of involvement of IT departments will require further research.
Digital Humanities Centers and Libraries: Pedagogical Service
This authorship study shows that digital humanities centers generally have a higher involvement in humanities. 21 Sixty-four libraries responded, for a response rate of 51 percent. Based on these two survey reports, with the addition of personal observations, Table 5 summarizes the support for digital humanities provided by digital humanities centers and libraries. 
Digital Humanities Centers and Libraries: User Groups
Libraries, however, have their own strong suits. First, libraries are usually established for a wider user group. National libraries serve a whole nation, and academic libraries serve an entire institution, without tilting toward one or two specific groups of users. Digital humanities centers, on the contrary, are more often established to serve specific users, as Zorich notes:
The directors of DHCs [digital humanities centers] under university governance most often report to an academic or administrative dean of a school, college, or division at the university. The next most frequent "direct report" is to a university vice president or provost, followed by the chair or faculty of the department in which a center is physically located . . . Of the two DHCs that are independent organizations, one director reports to a board of trustees, and the other to the center's funders. Shared appointments are evidenced in the current study. Thirty-five percent of authors who work at digital humanities centers take other job commitments, an arrangement that has pros and cons. The positive side is that it may be easier for the center to get buy-in from the sharing departments and their faculty. The negative side is that shared appointments may bring unnecessary distraction and confusion to staff, especially when job priorities are not clearly stated or firmly implemented. 
Digital Humanities Centers and Libraries: Resources
Study Limitations
The present study has several limitations. A lack of standards for author biographies within the same journal and across five journals could lead to misinterpretation of an author's profession. It is increasingly common for an individual to hold several roles within an institution. An author may work in a university library, serve in the university's digital humanities center, and hold a faculty appointment in another academic department simultaneously. Unfortunately, this information is often vaguely described, without specifying which roles are primary and which are secondary or part-time . This study counted all roles described in an author's biography.
The complicated connection between digital humanities centers and other units at some universities could potentially cause another type of misinterpretation. For example, a university's digital humanities center may be established by, and belong to, the university library. In this case, the current study gives credit to the higher level of management and classifies that particular author as belonging to "libraries." If a digital humanities center is built and managed under the collaborative effort of two or more departments that include an IT department and a library, the author's profession type is then determined case by case.
Conclusion
Digital humanities centers are important to the development of digital humanities, particularly with their efforts in pedagogical service. Libraries can also make valuable contributions to collaborative partnerships because of the inherent structure of a library as well as the skill sets of individual librarians. Libraries have a nationwide or institution-wide purpose, staff dedicated to digital humanities services, and stable financial and physical resources, enabling them to support collaboration in digital humanities. Both large and small libraries may become part of this exciting and promising opportunity.
Because collaboration is the key to success in digital humanities, libraries and digital humanities centers should continue to explore collaborative opportunities between them, and offer their strengths and expertise for the development of digital humanities and the overall benefits of the academy. Some libraries establish or sponsor digital humanities centers, and other libraries appoint their staff to digital humanities centers to support collaborative projects. Building on the success of these structures would be one feasible direction for collaboration between these two parties. In any case, libraries have proved themselves as core contributors to digital humanities, and they should continue to engage in and contribute to this development.
